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In the present study, preventive effects of PANa on three kinds of esophageal lesions induced by gastric juice were examined in comparison with those of aceglutamide aluminium and sodium alginate. The influences of PANa on gastric contents were also studied. The preventive effect of PANa given intraesophageally on esophageal lesions induced by the intraesophageal application of gastric juice was more potent than aceglutamide aluminium and sodium alginate. Oral administration of PANa inhibited the formation of esophageal ulcer by pylorus ligation more markedly than aceglutamide aluminium, whereas sodium alginate had no effect in a high dose of 500 mg/kg.
In preventing gastric ulcer which occurred simultaneously with the esophageal ulcer after the pylorus ligation, aceglutamide aluminium was most potent, and PANa was as potent as sodium alginate.
Oral administration of PANa showed a more protective effect than aceglutamide aluminium on the esophageal ulceration induced by the simultaneous ligations of the pylorus and limiting ridge, whereas sodium alginate in a high dose of 500 mg/kg had little effect on the ulcer formation.
PANa caused only a slight increase in the pH of gastric juice and a slight decrease in pepsin activity.
From these results, it may be concluded that PANa showed an antiulcerogenic activity mainly due to its mucosa covering action against gastric juice.
Sodium polyacrylate (PANa) is a water soluble, high-molecular compound having the following chemical structure:
-CH2-CH COONa n n: polymerization degree
An aqueous solution of PANa shows a very high viscosity and stringiness.
PANa has been widely used in the food industry as a thickening and sizing agent utilizing its physicochemical properties. Recently, Yamaguchi et al. (1) reported that PANa showed a marked preventive effect on the gastroesophageal ulcer in swine which has been posing a serious problem in the livestock industry. 
Gastroesophageal
ulcer by pylorus ligation: Gastroesophageal ulcer was pro vided by the original method of Shay et al. (8) in rats. The animals were fasted for 24 hr with free access to water. Under light ether anesthesia, a mid-line incision was made in the abdomen below the xyphoid and the pylorus was ligated. After closing the abdomen, the animals were placed for 18 hr in their home cages without food and water. Then the animals were sacrificed by an overdose of ether, and their stomach and esophagus were removed for autopsy. The stomach and esophagus were then opened, and the ulcerated area was examined under the dissecting microscope (10 x). The incidences of ulceration and perforation which occurred in the esophagus or in the forestomach were determined.
Drug solutions were administered orally at the ratio of 1 ml per 100 g of body weight immediately after the operation. Deionized water was given to the control animals in a similar way.
3. Esophageal ulceration by the simul taneous ligations of the pylorus and the limiting ridge: After an overnight fast, rats were laparotomized under light ether anesthesia to ligate the pylorus. In addition, the transitional region of the forestomach and glandular portion was ligated in order to prevent the accumulation of gastric juice within the forestomach. Then the abdomen was closed and the animals were placed in their home cages without food and water. Six hr later the animals were sacrificed by an overdose of ether, and the esophagus was removed and opened lengthwise. The excised esophagus was examined for lesions, and the damaged area was measured macro scopically under the dissecting microscope (1 Ox) with a square grid. The total measured area for each animal was graded from 0 to 4 according to the size and severity of the injured area as follows: 0=the same with normal, 1 =erosion only, 2=total ulcerated area below 30 mm2, 3=total ulcerated area over 31 mm2, 4=perforation.
In the cases of linear ulcers of which the width was less than 1 mm, the total length of the ulcer was regarded as the total area of ulceration. For the histopathological studies, the excised esophagus was fixed with 10% formalin solution, and the specimen was cut lengthwise to be stained with hematoxylin and eosin. All drugs were administered orally im mediately after the operation in a volume of 1 ml per 100 g of body weight.
To the control group, deionized water or 0.5% CIVIC solution was similarly administered.
Effects on gastric juice in vitro:
To examine the influences of the drugs on gastric juice in the induction of esophageal lesions by the intraesophageal application of gastric juice, the in vitro test was carried out. Gastric juice and each drug solution were mixed in the ratio of 2:1, and the pH, total acidity, and pepsin activity of the mixture were determined. The influences of drugs on the pH and total acidity were examined by the use of Shay rat's gastric juice. The pH was deter mined with a pH meter (Toa Denpa Kogyo, HM-20B), and the total acidity was titrated with 0.1 N NaOH using phenolphthaleine as an indicator.
The gastric juice was collected according to the original method of Shay et al. (8) , that is, after fasting overnight, rats were laparotomized under light ether anesthesia to ligate the pylorus, and left for 6 hr without giving food and water. Then the animals were sacrificed by an overdose of ether and gastric juice was collected.
The pH and acidity of collected gastric juice were determined beforehand and was randomized so that no deviations might occur among test drugs and also among drug concentrations. In the group treated with aceglutamide alumi nium in 3% concentration, neither ulceration nor perforation was observed, while erosion was noticed in 5 cases out of 6.
Sodium alginate in 0.3% and 1 % concen trations had no preventive effect.
In concen trations over 3%, it showed a significant decrease in the ulcerated area, and in 5% concentration, it significantly reduced the incidence of ulceration.
However, only 2 rats out of the total 24 given sodium alginate solution showed a normal picture of the esophagus.
Gastroesophageal
ulcer by pylorus ligation (Table 2) In the control group, the incidence of forestomach ulceration and that of per foration induced by pylorus ligation were 80% and 46.7%, respectively, and the incidence of esophageal ulceration and that of perforation were 53.3% and 33.3%, respectively.
The percentage of the animals with perforation of the esophagus and/or forestomach was 73.3%, and the number of dead animals due to perforation of the forestomach and/or esophagus was 20% of the total animals.
The ulcer picture was hemorrhagic and similar to the case of the intraesophageal application of Shay rat's gastric juice, but the injured area was larger and the degree of ulceration was more severe (Fig. 2) . Similar to the cases by the method of Shay rat's gastric juice application, the perforated regions were located above the diaphragm and gastric juice exuding from the perforated areas were retained within the pleural cavities at autopsy. Consequently the judgement of perforation was comparatively easy.
PANa at 250 mg/kg and 500 mg/kg reduced significantly the incidence of rats with perforated forestomach, but did not affect the incidence of rats with ulcerated forestomach.
On the other hand, PANa inhibited remarkably the incidence of esophageal ulceration and that of perforation. Aceglutamide aluminium at 250 mg/kg and 500 mg/kg did not inhibit esophageal ulceration, whereas at 500 mg/kg, it decreased significantly both the incidence of gastric ulceration and that of perforation. Sodium alginate at 250 mg/kg and 500 mg/ kg reduced significantly the incidence of rats with perforated forestomach, but had no effect on the ulcer formation.
The drug also had no influences on the esophageal ulcer. At the 2nd postoperative hr, macroscopical findings of the esophagus did not differ from those of the normal ones, whereas histopathologically, partial des truction or separation of the keratic layers, thinning of the mucous epithelium, mild erosion, and edema were observed in some animals.
In four hr after the operation, hemorrhagic ulceration (including per foration in 2 cases) was recognized in 6 cases out of 10. In 6 hr onward after the operation, revealed that a 6-hr schedule was suitable for the evaluation of drug efficacy. The ulcerated area (including perforated regions) 6 hr after the operation was measured and calculated on the assumption that the area might follow a normal distribution.
It was estimated that the probability for the sum of area of ulceration for each rat less than 30 mm2 was about 5%. Therefore, the sum of the damaged area below 30 mm2 was made to correspond to the ulcer index 2, and that over 31 mm2 to the ulcer index 3.
2) Effects of the drugs (Table 4) : PANa significantly reduced the ulcer index, and the incidence of perforation in a dose dependent manner.
In the higher doses over 250 mg/kg, aceglutamide aluminium sig nificantly decreased the ulcer index and at 500 mg/kg significantly reduced the incidence Each drug was given orally immediately after the operation. Animals were sacrificed 6 hr after drug administration.
Classification of injury is shown in the legend of Table 3 . *P<0.05, **P<0.01, ***P<0 .001 vs. the control. of perforation.
In a dose of 500 mg/kg, sodium alginate showed no preventive effect on esophageal ulcer formation. Calcium carbonate at 500 mg/kg showed a tendency to reduce both the incidence of perforation and the ulcer index but not significantly. At 1000 mg/kg, it inhibited significantly the ulcer formation. Amylopectin sulfate pro duced antiulcerogenic activity dose dependently, and its administration at over 25 mg/kg significantly reduced the ulcer index and the incidence of perforation. 4. Effects on gastric juice in vitro (Table 5) PANa in 0.3% and 1 % concentrations did not show marked influences on the pH, total acidity, and pepsin activity, while 0.3% to 3% aceglutamide aluminium solutions elevated the pH dose-dependently and in addition slightly inhibited pepsin activity but not dose-dependently.
Sodium alginate in 0.3% to 5% concentrations elevated dose dependently the pH with reducing total acidity and also inhibited pepsin activity almost dose-dependently. (Table 6) PANa elevated the pH significantly and dose-dependently.
Effects on gastric juice in vivo
PANa at 125 mg/kg and 250 mg/kg significantly inhibited pepsin activity, but not dose-dependently. Aceglu tamide aluminium elevated the pH dose dependently, but it did not show any in hibition of pepsin activity.
Sodium alginate at 500 mg/kg slightly elevated the pH, significantly reduced total acidity, and
showed an inhibitory trend of pepsin activity. Calcium carbonate produced an antacidic action dose-dependently and in a dose of 1000 mg/kg, significantly inhibited pepsin activity, whereas amylopectin sulfate showed a marked dose-dependent antipepsin activity.
DISCUSSION
Esophageal lesions induced by the intra esophageal application of Shay rat's gastric juice could be induced within a relatively short time and in a high percentage. In addition, this method is very convenient for studying the etiology of esophagitis because (11) confirmed that occurrence of this esophageal disorder was due to the reflux of gastric juice. This pylorus-ligation method seems to be superior to the topical application method in that the former esophageal lesions can be induced by the reflux of its own gastric juice. It has another advantage in the simultaneous evaluation of drug effects not only on esophageal ulceration but also on forestomach ulceration. However, this eso phagitis model presents a few practical problems such as a considerable number of cases is required for a statistical analysis, and a stable rate of ulceration is difficult to obtain. Luo (5) succeeded in improving the pylorus-ligation method to obtain a uniform picture of esophagitis in a high percentage; serious esophageal ulcer was developed 20 hr after the simultaneous ligations of the pylorus and the limiting ridge and destruction of the lower esophageal sphincter by incision. In the present study, without incision of the lower esophageal sphincter, we succeeded in inducing esophageal ulcer in a high percentage and with great regularity within a very short time, i.e., in 60% of rats in 4 hr after the operation and in 100% by 6 hr afterwards. The esophageal ulcer obtained was generally serious and hemorrhagic, easily aggravating to perforation, and it may be the same that Shay et al. (8) and Selye (10) called peptic hemorrhagic esophagitis in pylorus-ligated rats.
Recently, a diagnostic classification of reflux esophagitis based on endoscopical and histopathological findings was proposed (12) . That is, endoscopically, the classification is as follows: discoloring type (color change of mucosa), erosive and/or ulcerative type (defect of mucosa), and uneven type (promi nence and/or hypertrophy of mucosa); and histopathologically: acute inflammatory findings (neutrophil infiltration), erosive inflammatory findings (epithelial defect), and chronic inflammatory findings (interstitial fibrosis). The models of esophagitis used in this experiment were limited to the erosive and/or ulcerative type in the above-mentioned terminology.
Therefore, the pathological views in humans may not necessarily completely reflect those in the experimental animals. However, histo pathological views in rats have a great deal in common with those in humans with respect to acute inflammatory and erosive in flammatory findings.
Consequently, the experimental esophageal lesions produced in this study may be useful as experimental models of human esophagitis.
There is much controversy about what is the main factor contained in the gastric juice that induces esophagitis.
However, the reflux of gastric juice into the esophagus is prerequisite to the induction of esophageal lesions, and the principal causative factors for the lesion formation are considered to be pepsin and acids in rat models (7) . In the present study, calcium carbonate was found to prevent the ulcer formation in large doses which made gastric juice definitely alkaline, whereas amylopectin sulfate which has not only antipepsin activity but also mucous protecting action (13), produced a markedly preventive effect in doses with no effect on acidity. Yanagisawa (7) reported that the ulcer formation was hardly influenced by the pH of the gastric juice when the pepsin con centration was enough, and this evidence may explain why the preventive effect of calcium carbonate on esophageal ulcer is inferior to that of amylopectin sulfate. Consequently, it was suggested that in esophagitis models used in this experiment, pepsin makes the main contribution as a causative factor in ulceration, while the contribution of acids was almost negligible but served to keep the optimum environment for enzyme activities. Comparing the preventive effect of PANa on experimental esophageal lesions induced by gastric juice with those of aceglutamide aluminium and sodium alginate, PANa showed the greatest effectiveness. Sodium alginate which also makes a viscous solution like PANa had a weak action on gastric contents; it elevated the pH, decreased total acidity, and reduced pepsin activity in vitro, and its preventive effects on the esophageal lesions were extremely weak. Aceglutamide aluminium did not show a marked inhibition against pepsin activity in the in vitro and in vivo tests, so its preventive effects on gastroesophageal ulceration might be mainly due to its mucosa-covering action and continuous antacid action.
In the case of aceglutamide aluminium, total acidity was not determined because the presence of the drug in gastric juice interfered with the accurate titration with NaOH by producing an aluminium complex (14) .
It has been confirmed in animal studies using 14C-labelled PANa (unpublished data) that PANa, administered orally, was mostly excreted in feces and scarcely absorbed through the gastrointestinal tract. Therefore, the antiulcerogenic activities of PANa may be attributable not to the systemic action but to the local action in the digestive tract such as antiprotease, antacid, and mucosa covering actions.
In the present study, it was shown that PANa significantly inhibited the esophageal lesions by the topical application of the PANa solution in the concentrations which did not affect pepsin activity and the pH in vitro. These results suggest that the mucosa covering action due to the physico chemical properties of the aqueous solution of PANa such as high viscosity and stringiness may protect the mucosa against the corrosive action of gastric juice.
Additionally, Uchida et al. (6) and Ishii et al. (15) ascertained that PANa was effective for chronic esophagitis after total gastrectomy followed by esophago jejunostomy in rats. These results and our findings show that PANa may be useful not only for the treatment of esophagitis induced by the reflux of bile and pancreatic juice, but it is also effective for treatment of esophagitis induced by the reflux of gastric juice.
